Introduction
Control valves are used worldwide in a wide range of industrial applications, including safety The performance of a control valve or any of its components can be quantified in the form of where ΔP and Q are the differential pressure and volumetric flow rate of fluid passing 23 through the valve or the component. In equation (1) , β is a numerical constant that depends 24 on the units of Q and ΔP, γ is the factor that depends on the Reynolds number, ε is piping 25 geometry factor, ρ is the density of the fluid and ρ o is the density of water. As equation (1) is 26 applicable to both the control valve and its components, it can be easily measured for the 27 control valve, the valve body and the seat through conventional experimental procedures. 
As discussed earlier, a trim further comprises of discs, quarters, rows and flow paths, and across the trim. It has been reported that local peak velocity causes significant increase in 10 erosion within the trim. It has been stated that the numerical results need to be used with 11 caution as it may be difficult to accurately simulate flow field both globally and locally.
13
Asim [7] has carried out extensive numerical investigations on the local flow behaviour 14 within different multi-stage continuous-resistance trims. It has been reported that the pressure 15 within these trims drops in a systematic manner, thus avoiding cavitation. It has also been 16 shown that the flow capacity of these trims is independent of the process conditions. The 
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The centrifugal pump is connected to the test valve containing the baseline trim, shown in record the atmospheric pressure and water temperature in order to compute the density of 10 water (to be used in equation (1)). The next step is to set the valve opening position to 100%,
11
and the pump set-point to maximum available flow. Flow loop is then run at these settings.
12
The values of differential pressure (ΔP) and volumetric flow rate (Q) are recorded at-least 13 three times. The average values of ΔP and Q are then used to compute the flow capacity of 14 the valve (using equation (1) The globe type control valve considered in the present study, installed with the baseline within the trim will be carried out.
14
3.1 Geometry of the control valve and the baseline trim 15 16 The geometry of the control valve and the baseline trim is shown in figure 5 . For effective 
Spatial Discretisation of the Control Valve 8 9
The control valve, containing the baseline trim, has been spatially discretised using different 
Solver Settings

11
Specification of appropriate boundary conditions is critical to the accuracy of any numerical 12 analysis [27] [28] . In the present study, the inlet boundary of the flow domain has been 13 specified as mass flow inlet, while the outlet boundary has been specified as pressure outlet.
14 The mass flow rate specified at the inlet boundary has been kept the same as measured of the flow domain. Figure 7 depicts the static pressure variations at the inlet boundary (P in ).
10
It can be seen that there are significant variations present in the first 50-100 iterations of the 11 solver. After that, the solver stabilises considerably, giving rise to consistent pressure values. 
Mesh Independence Testing 17 18
Although the reliability of the numerically predicted results is dependent on solver and 6.5 million elements is less than 1%, the mesh with 5.3 million elements has been chosen 11 in the present study for further analysis. Quantitatively, the average non-dimensional pressure at the entry and exit of row 1 has been computed to be 0.008 and 0.103, which means that the pressure at the entry and exit of row 1 1 is 0.8% and 10.3% lower than at the inlet of the flow domain respectively. Hence, the non-2 dimensional pressure drop across row 1 of the baseline trim is 9.5% of the inlet pressure. It can be seen that the normalised average radial velocity is higher than the normalised 6 tangential velocity, on average across the trim. However, the normalised average tangential 7 velocity at the entry of rows 2, 3 and 4 is higher than the normalised average radial velocity. It has been seen from the pressure and velocity fields that the flow field is highly three- In order to explain this non-uniform behaviour of energy loss in the baseline trim, a central It is important at this stage to analyse the flow behaviour within a quick opening trim 
18
The non-dimensional pressure drop across rows 1 to 5 of 0.6r min,i trim is 1.0%, 0.7%, 1.0%, been computed that average non-dimensional flow velocity magnitude at the exits of rows 1 4 to 5 is 60.9%, 58.9%, 58.8%, 52.3% and 47.5% lower than the baseline trim. Hence, an 5 important observation in a quick opening trim, as opposed to a linear opening trim, is that the 6 flow velocity magnitude in the flow paths of outer rows remains almost constant, and the 7 same as at the entry and exit of these rows. It has been concluded that 0.6r min,i is a quick opening trim in which the energy loss is 4 considerably less. Hence, this particular trim has both one unfavourable (quick opening) and Although it has been analysed that 0.6r min,i continuous blocked trim is commercially 11 unsuitable due to low pressure zones in the bore region of the trim, it is yet to be analysed 
23
Analysing the flow behaviour in 0.6r min,i alternative blocked trim, it can be seen in figure   24 23(a) that the scale of non-dimensional pressure variations is comparable to the baseline trim 25 (in figure 10) , and is significantly lower than that for 0.6r min,i continuous blocked trim. The 
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in an improved trim design that is both cost effective and commercially viable. 
